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Abstr act. When contracting through software agents, disputes will inevitably 
arise.  Thus there is an urgent need to find alternatives to litigation for resolving 
conflicts.  Methods of Online Dispute Resolution (ODR) need to be considered  
to resolve such disputes. Having agents understanding what the dispute is 
about, managing all interaction between the parties and even formulating 
proposed solutions is an important innovation. Hence it is of the utmost 
relevance that the agents may be able to recognise and evaluate the facts, the 
position of the parties and understand all the relevant data. In many 
circumstances, risk management and avoidance will be a crucial point to be 
considered. In this sense we analyze the usefulness of a parallel concept to 
BATNA – Best Alternative to Negotiated Agreement, that of a WATNA – 
Worst Alternative to Negotiated Agreement, allowing the software agents to 
consider the space between BATNA and WATNA as a useful element to be 
taken into account when making or accepting a proposal. These software agents 
embodied with intelligent techniques are integrated in an architecture designed 
to provide support to the ODR in a system we have developed for the resolution 
of labour disputes -  UMCourt. In this context software agents are used to 
compute and provide the parties with the best and worst alternative to a 
negotiated agreement. 
Keywords: On-Line Dispute Resolution, Negotiation, BATNA, WATNA 
1   Introduction 
When moving to a global information society, new needs have appeared in the field of 
dispute resolution, since disputes can now take place between virtually any two 
entities in the world. With the integration of new communication technologies into 
our daily lives, traditional Alternative Dispute Resolution (ADR) mechanisms 
including mediation, conciliation, negotiation or modified arbitration and jury 
proceedings ([10]  and [30]) have slowly started to adapt, giving birth to what is now 
known as Online Dispute Resolution (ODR).  
ODR allows for the moving of already traditional alternative dispute resolution 
methods “from a physical to virtual place” [3]. This provides the parties with an easier 
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course than litigation, for dealing simply and efficiently with disputes, saving both 
“temporal and monetary costs” [12]. This new model for dispute resolution aims at 
being an online alternative to litigation and traditional ADR. It can expand the 
possibilities of common ADR systems as, with the introduction of entities with 
enhanced abilities, increases the generation of solutions and the possible ways of 
achieving them.  
Techniques for developing ODR systems include legal knowledge based systems 
that provide legal advice to the disputing parties and also “systems that (help) settle 
disputes in an online environment” [6]. In this sense we can enumerate projects that 
make use of rule-based systems such as [25], negotiation support systems as in [26], 
[27] and [28], and others that look at game theory and heuristics 
The so-called second generation of ODR systems is essentially defined by a more 
active role of technology [16]. It goes beyond putting the parties into contact and is 
used for idea generation, planning, strategy definition and decision making processes. 
The technologies used in this new generation of ODR systems will comprise not only 
the communication technologies used nowadays but also subfields of areas such as 
Artificial Intelligence, mathematics or philosophy: neural networks, intelligent agents, 
case-based reasoning, logical deduction, argumentation, methods for uncertain 
reasoning and learning methods. Thus being, the development of Second Generation 
ODR, in which an ODR system might act “as an autonomous agent” [16] is an 
appealing way for solving disputes.  
[29]. In this paper, 
we consider the use of a Case-based Reasoning (CBR) [1] approach for the purpose of 
retrieving similar cases in order to advise the parties about the probable and possible 
outcomes and solution paths given former similar cases. 
In considering this possibility, we take in consideration the Katsh/Rifkin vision of 
the four parties in an ODR process: the two opposing parties, the third party neutral 
and the technology that works with the mediator or arbitrator [11]. But we must 
assume a gradual tendency to foster the intervention of software agents, acting either 
as decision support systems [3] or as real electronic mediators [16]. This latest role for 
software agents implies the use of artificial intelligence techniques such as case based 
reasoning and information and knowledge representation. “Models of the description 
of the fact situations, of the factors relevant for their legal effects allow the agents to 
be supplied with both the static knowledge of the facts and the dynamic sequence of 
events” [16].  
Merely representing facts and events, whilst useful,  is not sufficient for dispute 
resolution; the software agent, in order to perform actions of utility for the resolution 
of the dispute, also needs to know not only the terms of the dispute but also the rights 
or wrongs of the parties [16], and to foresee the legal consequences of the said facts 
and events. Thus we have to consider the issue of software agents really 
understanding law and to consider legal reasoning by software agents and its eventual 
legal responsibility:   As [4] states, “are law abiding agents realistic?”. 
 We need to consider whether agents can evaluate the position of the parties and 
present them with useful proposals, “taking into a consideration of which of the two 
parties would have a higher probability of being penalised or supported by a judicial 
decision of the dispute and, therefore, who would be more or less willing to make 
concessions in their claims” [16]. The ability to understand the position of the parties 
is vital for the successful involvement of software agents in the process. To do so, it is 
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mandatory for the software agent to have the characteristics of consistency, 
transparency, efficiency and enhanced support for dispute resolution, in order to allow 
it to replicate “the manner in which decisions are made” and thus make the parties 
“aware of the likely outcome of litigation” [3]. That is to say, software agent 
intervention in an ODR procedure should take into account the alternatives, for the 
parties, to an ODR negotiated agreement. This kind of ODR environment involves 
much more than just transposing ADR ideas into ODR environments. It should 
actually proceed by being “guided by judicial reasoning”, and getting disputants “to 
arrive at outcomes in line with those a judge would reach” [14]. Despite there being 
difficulties to overcome, the generalised use of software agents as decision support 
systems in a negotiation, is nevertheless a useful approach. 
2.  The Role of BATNA (Best Alternative to a Negotiated 
Agreement)  
Principled negotiation is based on four fundamental principles: separate the people 
from the problem; focus on interests, not positions; invent options for mutual gain; 
insist on objective criteria [8, 21]. In interest-based negotiation, the disputants attempt 
to reconcile their underlying interests. Most negotiations are interest-based1
Whilst principled negotiation as an important concept, it must be supplemented 
with other approaches to negotiation. Justice or rights based negotiation (pointing out 
to the determination of who is – or who could be considered to be – right in 
accordance to norms or rules of behaviour) – should also be considered [8].  
. In this 
situation, disputing parties need to know their BATNA (or, the possible best outcome 
“along a particular path if I try to get my interests satisfied in a way that does not 
require negotiation with the other party”[15]. 
When taking a principled negotiation approach, we must understand the notion of a 
BATNA and what role it should play in ODR. “A precise notion of what constitutes a 
BATNA is not available” [6]. But “knowing one’s BATNA may contribute to the 
acknowledgement that an agreement may be disadvantageous” [12].  
Entering into negotiation or mediation is justified if the parties expect to get better 
results than those that could be obtained without the process. In order to evaluate this, 
one needs to know, at least what the best alternative to the negotiated agreement 
would be. Of course, parties will tend to enter into an agreement if they know that a 
possible settlement in ODR is undoubtedly better than her own BATNA [12]. This is 
an obvious case of interest in knowing one’s BATNA. But the position of the parties 
may become much more unclear if they cannot foresee the possible results in case the 
negotiation / mediation fails. “If you are unaware of what results you could obtain if 
the negotiations are unsuccessful, you run the risk of entering into an agreement that 
you would be better off rejecting or rejecting an agreement that you would be better 
off entering into” [9]. That is to say, the parties, by determining their BATNA, would 
1 One exception is Australian Family Law where the paramount interests of the 
children trump the interests of the divorcing parents.  This is however not the case in 
US family law. 
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on one side become “better protected against agreements that should be rejected” and, 
on the other side, they would be in a better condition to “reach an agreement that 
better satisfies their interests” [6].   
A BATNA may also provide additional interesting features for the parties in the 
dispute procedure. For instance, it might also be used as a “way to put pressure on the 
other party”, especially in dispute resolution procedures allowing the choice of going 
to court [6]. The important thing is that the choice of going to court, instead of 
continuing ADR or ODR, should be a “well-informed choice”. And in ODR 
environments, either by the use of data mining techniques, semantic web technology 
or other adequate techniques possibly used to determinate the BATNA, the parties can 
foresee the possible outcome of the judicial dispute in the case of not reaching an 
agreement through ODR [3]. For that purpose, some technical possibilities have 
already been pointed out in literature. For instance, the use of a BATNA agent, an 
agent that has the knowledge necessary to compute the value of the BATNA, using 
Toulmin argument structures providing a “mechanism for decomposing a task into 
sub-tasks” has been pointed out [2].  Similarly, the possibility of the BATNA agent 
being modified in order to "include current case data and incorporate changes to law" 
is an important development [23]. The role of technology is becoming more appealing 
especially for the task of determining or establishing objective BATNAs [6].  
3.  How understanding WATNAs can improve the ODR process 
No matter the alternative dispute resolution method chosen, parties will tend "to 
develop an overly optimistic view on their chances in disputes" [6]. This rather 
optimistic view may lead to differing attitudes taken by the parties, especially in their 
calculation of chances of success obtaining their goals in the dispute, and influencing 
the way disputants calculate their BATNA. In the course of the dispute, the parties 
may tend either to reject generous offers from the other parties, or to stand stubbornly 
fixed in some positions or even support “positions or options that are incorrect” [6]. 
This “optimistic overconfidence” [6] may lead the parties to miscalculate the 
possibilities of success in an eventual judicial decision.  
It is important to reflect on the usefulness of the concept of a BATNA. On one 
side, a BATNA may be misevaluated through the above optimistic overconfidence of 
the parties. On the other side, there is no probabilistic measure for the correctness of 
BATNA. That is to say, the best alternative may not be the most probable one. And 
parties will certainly tend to underestimate the probabilities of an undesired result in 
judicial decision-making.  
In many situations, the calculation of the possible outcomes of a judicial decision 
may become quite complex.   One of the major reasons that disputants try to avoid 
litigation is the risks they might incur – in terms of legal costs and outcome – if they 
are unsuccessful [30].  In this situation it could certainly be useful, besides the 
BATNA, to consider a WATNA (Worst alternative to Negotiated Agreement) [8, 15, 
20].  A WATNA intends to estimate the worst possible outcome along a litigation 
path [15]. It can be quite relevant in complementing principled negotiation with a 
justice or rights based approach and thus leading to a calculation of the real risks that 
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parties will face in judicially determined litigation, imagining the worst possible 
outcome for the party.  This calculation could prove interesting both for ADR and for 
ODR. In the case of second generation ODR, it would be useful to develop a software 
agent to consider the whole space between the BATNA and WATNA.  The larger the 
space, the greater the benefit in making, or accepting, a proposal.  
Consider, for instance, from an organizational perspective, the relevance of labour 
rules in the functioning of professional virtual communities: as Willy Picard states, 
"the organizational structure of the population that may potentially execute activities 
may evolve, as some employees are promoted or are fired" [17]. In the case of a 
employee being fired, litigation will most likely occur. Under legal systems such as 
that of Portugal, a huge deal of legal parameters need to be considered:  
(a) the antiquity of the worker in the company,  
(b) supplementary work,  
(c) night work,  
(d) justified or unjustified absence to work,  
(e) the possibility of a “just cause for dismissal” being declared by Court,  
(f) the existence (or not) of a valid and legal procedure of dismissal,  
(g) the possibility of dismissal being accepted without indemnities or  
(h) of it being accepted but accompanied by indemnities that could range from a 
very low to a very high amount of money [7].  
To dismiss a worker, the company needs to calculate the potential ensuing 
financial penalties. For the worker, the amounts involved are not irrelevant: being 
fired without good indemnities may be seen as a double sacrifice: not only would he 
lose his job but he could get no or little payment for his loss. But he might, on the 
other hand, receive adequate financial compensation. For the parties in a labour 
conflict, it can be said that the calculation of the possible results of  litigation (or of 
the various possible outcomes for litigation) are vital.    
In order to clearly understand the advantages of a proposed agreement, parties need 
to know not only their BATNA but also their WATNA (the worst alternative they 
may obtain in case they do not reach an agreement), and they certainly should 
consider the spectrum between their BATNA and their WATNA. Of course, the less 
space there is between BATNA and WATNA, the less dangerous it becomes for the 
party not to accept the agreement (unless, of course, their BATNA is really 
disadvantageous). A wider space between BATNA and WATNA would usually mean 
that it can become rather dangerous for the party not to accept the ODR agreement 
(except in situations when the WATNA is not undesirable for the party).  
Of course, this consideration of the values appearing between the BATNA and the 
WATNA is related to the Zone of Possible Agreement proposed by Raiffa (1982) 
[19]. It is the zone where an agreement can be met that is acceptable to both parties. 
The consideration of the space between BATNA and WATNA has, in our vision, a 
clear risk oriented approach – the intention is to estimate the risks and, thus, to avoid 
them. And this vision may well push the possible agreement to a space not exactly 
coincident with the traditional ZOPA. And certainly it can even be considered here 
the existence of a MLATNA – most likely alternative to a negotiated agreement [20].  
In terms of the system we are developing, it does not much matter what is the most 
likely outcome, which might be hard to estimate, but rather it is vital to foresee the 
real risks that the parties are facing. And the extreme value presented by WATNA 
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may well force the parties to change the ideas they have about their BATNA and 
ZOPA.     
We accept that this analysis is still in an early stage and that other relevant 
parameters should also be considered: for instance, the existence of metrics in order to 
measure the probabilities of each possible outcome. Nonetheless, judicial decisions, 
although having to be based on legal rules and reasoned from them, arise from a 
process in which it must be determined that some issues are true or false, or are 
considered as proved, partially proved, or not proved [18]. This characteristic of 
judicial decisions certainly makes it advisable for parties to consider not just a single 
value, in the case of judicial litigation, but rather a spectrum of values, situated 
between a BATNA and a WATNA.  
4.  UMCourt Architecture 
On-line dispute resolution methods can provide easy, efficient, fast ways for resolving 
disputes. Labour disputes need to be quickly resolved. The judicial path (which, in 
countries such as Portugal, often leads to a judicial conciliation led by a Judge) is 
expensive and time consuming. First and second generation ODR [16], with agents 
performing relevant parts of the agreement procedure can be of inestimable use for 
the parties in a Portugese labour dispute.  
UMCourt is a project being developed at University of Minho in the context of the 
TIARAC project (Telematics and Artificial Intelligence in Alternative Conflict 
Resolution) that intends to help parties involved in legal disputes. The current 
application relates to the domain of Portuguese labor law. UMCourt represents one of 
the first steps in Portugal to implement the ideas depicted in the previous sections [5].  
It is based on the agent paradigm, which means that the resulting architecture is 
highly modular and expansible. This choice has not been a random one. Although we 
are currently addressing the specific domain of the Portuguese labour law, we are 
aware that by defining a few domain-dependent agents and reusing many of the core 
agents, it is possible to extend the platform to address other domains. To put this idea 
into practice, an extension to this architecture that addresses consumer protection law 
is now being developed, that uses much of the already defined architecture. The 
building blocks of this modular architecture are agents or groups of agents with well 
defined roles that, through their interactions, configure an intelligent system. 
Following the methodology proposed by [22], our work in this system began with a 
high level definition of the members of the architecture in terms of their roles. In this 
phase we have looked at existing agent-based architectures in the legal domain, 
namely at [2], and made the necessary improvements in order to adapt it to our needs. 
We therefore arrived at a configuration of four high-level agents with their roles 
shown in Table 1. The implementation of this architecture is based on a range of 
technologies chosen with the objective of making it a distributed, expansible and 
independent one [5].  
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The core of the architecture is the Jade (Java Agent Development Framework) 
platform2
Example of an ACL message from agent Coordinator to agent Retriever requesting the cases 
similar to 1263491000923, assuming the default settings.  
. JADE is a software framework that significantly facilitates the 
development of agent-based applications in compliance with the FIPA specifications. 
FIPA (Foundation for Intelligent Physical Agents) promotes standards that aim at the 
interoperability and compatibility of agents, specifically targeting the fields of agent 
communication, agent transport, agent management, agent architecture and 
applications. Of these FIPA categories, agent communication is the core category at 
the FIPA multi-agent system model and is the one that is more closely followed in our 
system. Our interest in this category is focused on specification 61, which defines the 
structure of the Agent Communication Language (ACL), .i.e., the structure that the 
messages exchanged between agents respect. An example of use of this standard is 
shown below. 
 
Sender : ( agent-identifier  
:name Coordinator@davide-desktop:1099/JADE  
:addresses (sequence http://davide-desktop:7778/acc )) 
Conversation-ID : 1263492569251 
Reply-To : Coordinator@davide-desktop:1099/JADE 
Ontology : CBR_LABOUR 
Content : RETRIEVE_SIMILAR DEFAULT 1263491000923 
   
Jade has also the advantage of dealing with all the issues of message transport 
and agent registry thanks to a wide number of services provided by the ams and df 
agents. This significantly simplifies the creation of new agents thus decreasing the 
development time and costs.  
 
Table 1. The four high-level agents and their main roles. 
High-level 
Agent  
Description Main Roles 
Security 
This agent is 
responsible for dealing 
with all the security 
issues of the system 
Establish secure sessions with users 
Access levels and control 
Control the interactions with the knowledge 
base 
Control the lifecycle of the remaining agents 
Knowledge 
Base 
This agent provides 
methods for interacting 
with the knowledge 
stored in the system 
Read information from the KB 
Store new information in the KB 
Support the management of files within the 
system 
Reasoning 
This agent embodies the 
intelligent mechanisms 
of the system 
Compute the BATNA and WATNA values 
Compute the most significant outcomes and 
their respective likeliness 
Proactively compile and provide useful 
information based on the phase of the dispute 
resolution process 
2 See http://jade.tilab.com/ last accessed January 2 2010.  
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Interface 
This agent is 
responsible for 
establishing the 
interface between the 
system and the user in a 
intuitive fashion 
Define a intuitive representation of the 
information of each process 
Provide an intuitive interface for the 
interaction of the user with the system 
Provide simple and easy access to important 
information (e.g. laws) according to the 
process domain and phase 
 
The interaction with the system can be performed in two ways: by means of a JSP 
based Guided User Interface (GUI) or with remote agents that interact directly with 
the agent platform. In the first case, the interface was designed so that the users could 
remotely interact with the system using any common web browser. Through the 
browser, the client sends requests to the server which interacts with the Jade platform, 
collects the answers and returns the HTML code to be shown in the browser of the 
user. By doing this, we not only make sure that the user can understand and interact 
with the system through an intuitive interface but also grant the security of the whole 
system. In the second case, Jade agents external to the platform can interact with the 
agents present by means of FIPA-ACL messages. In fact, using the Jade platform, 
sending and receiving remote messages becomes as easy as performing the task 
locally. This increases the expansibility and compatibility of the architecture, making 
sure that it can interact with other architectures with similar or complementary 
functionalities or even that automated agents representing the parties can interact.  
 
Fig. 1: A simplified view of the architecture. 
The high level agents depicted in Table 1 have been submitted to a cut-down 
process in order to more precisely define their roles and make them more simple and 
refined. In this task we have defined several simpler agents, such as the coordinator, 
with the task of load balancing, the retriever which interacts with the KB agents in 
order to retrieve cases, among others. A simplified view of the architecture 
highlighting the main agents is presented in Figure 1. However, as this paper is 
centred on the concepts of BATNA and WATNA and the determination of the space 
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in between, we will from now on focus on the Reasoning agent. The Reasoning agent 
was defined with some objectives in mind, being one of them to assist the parties in 
determining the possible outcomes. When the parties have knowledge about what 
could possibly happen, they can take more informed and, hopefully, rational 
decisions. As exposed before, in this paper we support the idea that it is vital to know 
the BATNA and WATNA values, as well as the most significant values contained in 
the interval between them, so that an optimal global solution can be achieved. Indeed, 
the WATNA of one party is frequently close to the BATNA of the other so limiting 
the possible choices to these two values represents a serious drawback and the 
impossibility of reaching a global optimization. The optimal solution lies somewhere 
in the intersection of the possible solutions of each of the parties: the Zone of Possible 
Agreement (ZOPA) [13]. This zone represents all the solutions that can happen at the 
end of the process. The role of the Reasoning agent is, in the first place, to determine 
if an agreement is possible. If the ZOPA does not exist, then an agreement is not 
possible. However, if there is a ZOPA with a range of solutions, the objective of the 
agent is to determine which is the best option and suggest it to the parties, and then 
trying to work for a mutually favourable outcome from that point on. This agent has 
been subdivided into four simpler agents: BATNA, WATNA, Outcomes and Personal 
Assistant.  
The BATNA and WATNA agents respectively compute the values of the BATNA 
and the WATNA. This calculus is based on mathematical formulae that are well 
defined in the Portuguese labour law and have been transported to the agents in the 
form of logical predicates. These are simple formulae that map a set of values of 
parameters such as antiquity or extra and night working hours to an economical value 
of indemnity. The first agent therefore analyzes the case and computes the value of 
the best legally possible outcome, i.e., it assumes that the employee is absolutely right 
in his allegations. In the other hand, the WATNA agent does the same, assuming that 
the employee cannot prove any of the arguments in his defence, determining the worst 
possible case according to the rules of the Portuguese labour law. The output of these 
two agents, according to what is defined in Portuguese labour law, is a pair of values: 
one quantifying the value of the indemnity and the other one stating if the employee 
looses the job or is reintegrated.  
The Outcomes agent has as objective, as the name depicts, to compute the possible 
outcomes of a new case, which configures one important feature in online dispute 
resolution systems. For determining them, this agent uses a Case-based Reasoning 
model. Our conviction that CBR is an appropriate method for such a problem solving 
domain relies on the fact that law itself implements a very similar concept: the legal 
precedent [24]. This concept is defined by the Blacks Law dictionary as “an adjudged 
case or decision of a court, considered as furnishing an example or authority for an 
identical or similar case afterwards arising or a similar question of law.”[31] A 
precedent, in the legal domain, can be sub-divided into two categories: the binding 
precedent which must be applied and the persuasive precedent, which is not 
mandatory but is relevant. This labeling has generally to do with the courts that decide 
on the case. If it is a higher court making the decision, it usually becomes a more 
persuasive precedent. By looking at all the significant past cases contained in the 
Knowledge Base, this agent is able to determine which outcomes are possible to 
occur, given the properties of the current case.  
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In order for this agent to correctly use the information contained in each case, a 
syntactic structure for the case has been defined. Each case contains the laws used by 
each party and all the remaining information that is requested by law, including a pair 
of values denoting the outcome: one quantifying the value of the indemnity and the 
other one stating if the employer looses the job or is reintegrated. All this data is 
stored in XML files but, in order to fasten the retrieval processes, the cases are 
indexed in a database by the laws that they address and the way that they are 
addressed, i.e., if these laws are used by the employee, employer or by a witness. This 
allows us to efficiently search for a case with given characteristics in the database and 
then retrieve it from its location in the file system to parse all the information.  
Essentially, the process of estimating outcomes is as follows. The agent looks at 
the new case, specifically at the norms that are addressed by each party. Afterwards, it 
applies a template retrieval algorithm in order to narrow the search space. This can be 
performed, a priori in determining which type of cases have the possibility of being 
similar and which ones do not. In this sense, template retrieval works much like SQL 
queries: a set of cases, with given characteristics, is retrieved from the database. In the 
next step, a nearest neighbor algorithm is applied to this set of cases instead of 
applying it to all the cases in the case memory, a task that could be very time 
consuming as our nearest neighbor algorithm has linear complexity (Formula 1). 
 
∑ 𝑊𝑊𝑖𝑖 ∗  𝑓𝑓𝑓𝑓𝑖𝑖𝑓𝑓𝑖𝑖(𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑁𝑁 ,𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑅𝑅)𝑛𝑛𝑖𝑖=1
∑ 𝑊𝑊𝑖𝑖
𝑛𝑛
𝑖𝑖=1                                                      (1) 
 
In formula 1, our closest neighbor algorithm is shown. In this equation, 
• n – number of elements to consider to compute the similarity; 
• Wi
• Fsim – similarity function for element i; 
 – weight of element i in the overall similarity; 
• Arg – arguments for the similarity function representing the values of the 
element i for the new case and the retrieved case, respectively N and R. 
 
We now discuss in greater detail the information of the case that is considered to 
be relevant for the computation of the similarity, i.e., the components. According to 
the scope of application, we consider three types of information: the objectives stated 
by each party in the beginning of the dispute, the norms addressed by each party and 
by the eventual witnesses and the date of the dispute. The norms addressed and the 
objectives are lists of elements, thus the similarity function consists in comparing two 
lists (equation 2). The similarity is higher when the two lists have a higher percentage 
of common members. As for the date, the similarity function verifies if the two dates 
are within a given time range, having a higher similarity when the two dates are 
closer.  
 
𝑓𝑓𝑓𝑓𝑖𝑖𝑓𝑓𝑙𝑙𝑖𝑖𝑓𝑓𝑙𝑙 =  |𝐿𝐿𝑁𝑁∩𝐿𝐿𝑅𝑅 |𝑛𝑛 ,𝑛𝑛 =  �|𝐿𝐿𝑁𝑁|, |𝐿𝐿𝑁𝑁| ≥ |𝐿𝐿𝑅𝑅||𝐿𝐿𝑅𝑅|, |𝐿𝐿𝑁𝑁| < |𝐿𝐿𝑅𝑅|�                                                     (2)        
 
Once each case is associated with a value that denotes its similarity with another 
given case, we can perform more interesting and useful operations on the cases. One 
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of these operations is to determine to which extent we want the cases to be similar.  
We do so by selecting a threshold. If our current selection results in few cases, we can 
lower the threshold resulting in a wider number of cases but with an expected smaller 
degree of similarity. On the other hand, if we have many cases, we can increase the 
threshold in order to get a more restricted set with a higher degree of similarity.  
The most interesting aspect is that the agent can autonomously apply these 
operations in real-time, when choosing the cases to present to the user: if there are 
many cases, the agent will increase the threshold to select less and more similar cases 
and vice versa. For the agent to determine if it should change the value of the 
threshold, it generates a box-and-whisker diagram using the values of the indemnities 
of each case selected, and looks at the dispersion of the data. The dispersion of the 
data is determined by the Euclidian distance between the indemnities of each of the 
two consecutive cases. The agent decides to decrease the value of the threshold if the 
data is much dispersed and the other way around if the data is not very dispersed.   
Having done this, the agent sorts the cases for each of the parties, starting with 
the WATNA, passing through all the intermediary cases and ending with the 
BATNA. The cases are sorted according to the numeric value of the indemnity and 
how favorable it is to each party. At this point, the parties have an intuitive picture of 
what may happen, including not only the best and worst case but all the intermediary 
cases that have happened in the past and may happen again, accompanied by the 
respective likeliness to occur. All this information is shown in Figure 2. This figure 
contains two axes, one for each party, with a direction for increasing satisfaction. 
Cases are here represented in these axes by the smaller rectangles and the Euclidian 
distance between the values of their indemnities determines how they are distributed 
and ordered in the axis of each party and therefore highlights the dispersion. 
 
Fig. 2: The graphical representation of the possible outcomes for each party. 
The likeliness of a given outcome is represented in Figure 2 by the colored curves 
which denote the area in which the cases are more likely to occur. We can see that the 
line is more distant from the axis when there are more cases that are concentrated. 
This denotes a higher likeliness for a case in this region. However, it is not only the 
amount of cases that is important. We also consider the type of case, i.e., if it is a case 
with a binding or a persuasive precedent or if it has been decided by a higher or a 
lower court. In some cases, we may even have groups of cases instead of single cases, 
as cases which are highly similar are grouped together into a single case with a weight 
that is proportional to the number of cases merged. 
Still looking at Figure 2, we can see the range of possible outcomes for each of 
the parties in the form of the two big colored rectangles and the result of its 
intersection, the ZOPA. It is also possible to see each case and its position in the 
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ordered axis of increasing satisfaction, in the shape of the smaller rectangles. As 
stated earlier, the cases are more likely to occur for each party when they are in the 
area where the colored lines are further away from the axis of that party. This is 
highlighted in the figure by the big dot. Therefore, the probable outcome of the 
dispute will probably be near the area where the two lines are closer. Looking at this 
information, the parties can have an approximate notion of the most likely outcome. 
Although a single solution is proposed by the system, parties can look at these cases 
in order to search for alternative solutions in search for a mutual agreement.  
Finally, the Personal Assistant agent is responsible for knowing the role of the 
user and adapting the results of the remaining agents according to that role, i.e., the 
employee will see the information in a different way than the employer or even than 
the witnesses. This agent will also be extended with more features, namely the 
adaptation of the interfaces and the remaining information that is presented to the 
users, including help information, according to the roles.  
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5.  Conclusions   
When using software agents in electronic contracting the possibility of disputes is 
prevalent. Thus there is a demand for fast and efficient ways for resolving the 
eventual disputes using ODR. For a second generation ODR, software agents are a 
useful tool to help the parties reach an agreement. The acceptance of a certain 
proposal by the parties in ODR must take into consideration relevant parameters, such 
as the BATNA.  
Parties in ODR tend to adopt an over-optimistic view on the possible outcomes in 
the case of litigation. In many situations the calculation of the possible outcomes of 
litigation may become rather complex, with a huge range of possibilities to be 
evaluated. This is particularly clear in Portuguese labour legal cases. In these 
situations it may become interesting to consider not just the value of BATNA but also 
the value of  the WATNA.  
It is vital, to consider the space that lies between the BATNA and the WATNA. It 
would be advisable for parties to consider not just a single value but rather a spectrum 
of values, situated between a BATNA and a WATNA. For this purpose, we have 
developed an architecture supported by a JADE platform, allowing the user to interact 
with the system. Software agents are used to compute and provide the parties with the 
best and worst alternative to a negotiated agreement as well as the spectrum of 
possible outcomes between these two values and their likeliness.  
The system presented here, by being based on the multi-agent paradigm ensures 
that it can be easily extended with the addition of new agents. To address the 
challenges of incorporating new agents, we rely on open standards and technologies. 
Moreover, by adopting a case-based approach, we achieve a system that can learn and 
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adapt to new situations and changes in the law. In future work we intend to allow the 
system to estimate outcomes of dispute resolution processes based on CBR and other 
paradigms (e.g., neural networks, Adjusted Winner algorithm) in order to compare the 
performance and results of different approaches. 
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